INTRODUCTION
Atrial fibrillation (AF) develops in a high proportion (20% to 40%) of patients undergoing coronary artery bypass grafting(CABG) (1) . This condition, referred to as post-operative AF (PoAF), is associated with increased mortality, owing to morbidities such as thromboembolic events and cardiac failure (2) . Although the exact mechanism of PoAF remains unknown, the pathogenesis seems to involve both systemic and local inflammatory processes (3) .
Complete blood count is a widely available and inexpensive laboratory investigation that provides quantitative information on different types of blood cells such as erythrocytes, leukocytes, and platelets. The platelet to lymphocyte ratio (PLR), which can be readily derived from a complete blood count in a single blood sample, has been recently proposed to have a predictive value for cardiac mortality and systemic inflammation (4) . However, to the best of our knowledge, the association between PLR and PoAF has not been studied until now. Therefore, our objective was to investigate the association between PLR and PoAF in patients undergoing CABG.
MATERIALS AND METHODS
A total of 245 patients undergoing CABG between January 2015 and December 2018 at Bezmialem Vakif University were included. Study subjects were assigned into two groups as those who had postoperative AF (AF group) or normal sinus rhythm (NSR). The study was designed retrospectively, and the study protocol was approved by the institutional ethics committee. The data were extracted from the hospital database.
Patients undergoing isolated CABG and having normal 12-lead electrocardiography prior to surgery were included. Patients undergoing bypass surgery on a beating heart were excluded, as were those with congestive heart failure, severe cardiac valvular disease, atrial fibrillation or flatter, peripheral vascular disease, infection, severe pulmonary or neurological conditions, malignancy, hypo-or hyperthyroidism, chronic renal or hepatic disease, or chronic hematological disease.
Based on the standard protocols followed in our unit, all patients received treatment with acetylsalicylic acid and beta-blockers starting from postoperative day 1. All patients were monitored for 2 days in the intensive care unit postoperatively. Daily 12-lead ECG recordings were retrieved from patient files and were examined with regard to the basic rhythm. New-onset AF was defined as post-CABG AF developing during hospital stay in a patient with no previous history of AF. All candidates for CABG underwent routine laboratory blood testing after 12 hours of preoperative fasting. Laboratory data were retrieved from patient files. EDTA tubes were used for automated blood counts, which were performed in a Sysmex XT-1800i Hematology Analyzer (Sysmex Corporation, Kobe, Japonya). Conventional methods were used for high density lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) cholesterol, triglyceride, C-reactive protein (CRP), and creatinine measurements. Study groups were compared in terms of clinical and laboratory results. A logistic regression model was used to examine the association between PoAF and the studied variables.
Statistical Analyses
For statistical analyses, SPSS 16.0 for Windows was used. The means were compared between groups using t-test, while the rates were compared with chi-square test. A logistic regression model was used to identify the independent predictors of AF. A p value of less than 0.05 was considered significant. Receiver-operating characteristic (ROC) curves were obtained for PLR to explore the sensitivity and specificity. ROC curve analysis was used to determine the optimum cutoff levels of PLR level to predict the occurrence of PoAF.
RESULTS
Of the study participants, 23.2% were found to have new-onset AF after CABG. Table 1 shows the clinical and demographic characteristics of the patients. AF and NSR patients were comparable with respect to age and gender distribution (p > 0.05). Also proportion of patients with preoperative risk factors (e.g. hypertension, diabetes mellitus, hyperlipidemia, chronic obstructive pulmonary disease) were evenly distributed between the two groups. There were no significant differences in terms of the proportion of patients receiving treatment with acetylsalicylic acid or beta-blockers. Furthermore, echocardiographic measurements of the left atrial diameter and ejection fraction as well as the cardiopulmonary bypass cross-clamp times and number of bypass grafts did not differ significantly between the groups (p > 0.05). While patients in two groups had similar LDL, triglycerides, creatinine, and CRP levels (p > 0.05), NSR patients had higher HDL (p=0.04). With respect to hematological parameters, no significant differences in leukocyte, neutrophil, platelet counts, or hemoglobin levels were detected (p > 0.05). On the other hand, NSR patients had significantly higher lymphocyte count (p=0.03), while patients with AF had higher neutrophil-lymphocyte (NLR) and PLR ratios (p < 0.05) ( Table 2) . Univariate and multivariate regression analyses showed a significant association of PLR with PoAF (OR: 1.05 CI : 1.01-1.09, p: 0.02). (Table 3 ). The area under the ROC curve (95% confidence interval) for preopera-tive PLR , as a predictor of postoperative AF, was 0.68 (0.60-0.77) (p<0.001). Using a cutpoint of 121.5, the preoperative level correlated with the incidence of AF with a sensitivity of 54 % and specificity of 73% (Figure 1) . 
DISCUSSION
In this study, a high preoperative PLR was associated with the development of new-onset PoAF in patients undergoing CABG. Also, PoAF patients had higher preoperative NLR. On the other hand, subjects with normal sinus rhythm had higher HDL and lymphocyte measurements.
Atrial fibrillation has been reported in up to 40% of patients undergoing coronary artery bypass surgery, and it has been associated with increased morbidity and poorer long-term survival (5, 6) . Identification of predictors of PoAF may assist in developing preventive strategies. Several inflammatory markers such as CRP, complement, NLR, leukocyte count, and interleukin-6(IL-6) have been reported to be associated with an increased incidence of postoperative atrial fibrillation. In addition, NLR, and (PLR, which can be derived from a complete blood count, have been reported to be markers of inflammation (7) . There are not so many studies in the literature about PLR and PoAF .In 135 patients Güngör et al. found PLR is predictive for PoAF which was similar to our results, involving 245 patients.
Previously, many studies have investigated the predictors of PoAF. In a study by Anatolevna et al., left atrial dimensions as well as increased postoperative IL-6, IL-8, and superoxide dismutase were identified as predictors of PoAF (8), while advanced age, low preoperative creatinine clearance, and increased left atrial diameter were reported to be independent predictors of PoAF in the study by Ferreira et al. (9) . On the other hand Hidayet Ş. et al. emphasised that LA volume index (LAVİ) and mechanical functions are better indicator than LA diameter in new onset PAF after CABG (10) . Also, vitamin D deficiency was reported to be an independent predictor for PoAF in the study by Emren et al., and increased serum uric acid levels had a predictive role for PoAF in the study by Memetoglu et al. (, 11, 12) . In the present study, we did not detect significant relationships between PoAF and clinical characteristics such as age, gender, diabetes mellitus, and hypertension as well as echocardiographic parameters.
In addition, several previous studies examined the association between inflammatory markers and PoAF. For instance, Ramlawi et al. suggested that inflammatory response (oxidative stress, complement activation) occurring after cardiopulmonary bypass results in elevation of biomarkers such as CRP and interleukin-6, which is associated with PoAF (13). Again, Lo et al. found an increased risk of AF after CABG in patients with elevated CRP (14) , while Gibson et al. reported an association between AF and elevated pre-and postoperative NLR (15). Although PoAF patients had higher NLR in our study, there were no significant differences in CRP between those with or without PoAF.
Platelets play an important role in hemostasis, which represents a physiological response to vascular injury to prevent excessive blood loss. Similarly, platelets are also involved in pathological thrombus formation after the rupture of atherosclerotic plaques. Adhesion of platelets into the subendothelial tissue after intimal injury and the stimulation of the coagulation cascade and platelet aggregation by granules released upon the activation of platelets result in the formation of platelet plug and fibrin (16) . Platelets also have proinflammatory and immunomodulatory activities occurring via the release of chemokines and cytokines. Therefore, platelet activation has important implications with regard to coronary artery disease , and cardiovascular event (17) . Accordingly, in the study by Nikolsky et al., an elevated platelet count was reported to be a significant predictor of mortality in patients with acute myocardial infarction (18). Again, PLR was found to be a predictor of inhospital and long-term mortality in patients undergoing elective percutaneous coronary intervention (PCI), as well as for no-reflow, inhospital mortality, and long-term mortality in patients undergoing PCI after a myocardial infarction (19) (20) (21) . In a study by Erdem et al., the mean platelet volume , which is potentially one of the most significant bio-markers of platelet activation, was found to be a predictor of AF development after CABG (22) . Also, in our multivariate analysis, PLR was found to have a predictive role for the development of PoAF.
AF is the most frequent morbidity after coronary bypass surgery, and PoAF has been reported to be associated with long-term mortality (23). Pharmacological agents such as beta-blockers and amiodarone are effective against the development of PoAF, and proper identification of the risk of PoAF may assist in the implementation of preventive strategies. PLR, which can be readily derived using a widely available and inexpensive test such as the complete blood count, can successfully predict the risk of AF after CABG.
CONCLUSION
Our results suggest that elevated pre-operative platelet to lymphocyte ratio is closely associated with new onset AFR after CABG. Therefore, preoperative PLR may represent a simple, inexpensive, but valuable marker for predicting the risk of postoperative AFR. Our results need to be supported by prospective and randomized trials to develop evidence-based protocols.
Study limitations
The limitations of this study include the small sample size and the retrospective design. Left atrial volume index was not evaluated and no long-term noninvasive recording.
